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(57) ABSTRACT

A gain compensation circuit, applied to a microwave trans-
ceiver, includes a gain adjuster, a first attenuator and a second
attenuator. The gain adjuster 1s disposed between a first
amplifier and a filter for adjusting a nominal gain of the
microwave transceiver. The first attenuator 1s disposed
between the filter and a second amplifier for providing a first
gain compensation. The second attenuator 1s electrically con-
nected to the output of the second amplifier for providing a
second gain compensation. The first and second gain com-
pensations keep the gain of the microwave transceiver at a
constant value under varying temperature conditions, and the
first and second attenuators are used to reduce the degradation
of return loss and noise figure of the microwave transcerver.

8 Claims, 4 Drawing Sheets
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1
GAIN COMPENSATION CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a gain compensation Cir-
cuit, and more particularly to a gain compensation circuit
applied to an outdoor microwave transcerver.

2. Description of the Related Art

Generally, the gain of a normal transceiver will decrease at
high temperatures (about 40° C. to 60° C.), but increase at low
temperatures (below about 20° C.). Therefore, for some out-
door satellite transceivers which usually operate in subopti-
mal environmental conditions, unless gain compensation for
varying temperature situations 1s considered, the gain of the
transceiver will vary with the environmental temperature,
causing signal distortion and deteriorating communication
quality. Therefore, for such transceivers, 1t 1S common prac-
tice to design a compensation circuit which is able to suppress
the gain of the transceiver at low temperatures but enhance the
gain of the transceiver at high temperatures.

For the gain compensation of an outdoor transceiver, a
passive attenuator cooperating with a thermistor 1s commonly
used to act as a gain compensation mechanism of the trans-
ceiver. However, such structure will degrade the quality of
noise figure of the transceiver due to gain attenuation.
Another known method 1s to use the feature of a particular
gain relating to temperature of an active amplifier to achieve
the effect of gain compensation. However, this method has the
drawback of a high material cost.

SUMMARY OF THE INVENTION

The present invention provides a gain compensation circuit
which 1s applied 1n a microwave transceiver. The gain com-
pensation circuit includes two passive attenuators each hav-
ing a thermal resistor exhibiting a negative temperature coet-
ficient, whereby the microwave transceiver obtains a constant
gain even under various temperatures, increases gain coms-
pensation range and effectively improves degradation of
noise figure.

The gain compensation circuit, applied to a microwave
transceiver, 1n accordance with one embodiment of the
present invention, comprises a gain adjuster, a first attenuator
and a second attenuator. The gain adjuster i1s disposed
between a first amplifier and a filter for adjusting a nominal
gain of the microwave transceiver. The first attenuator 1s
disposed between the filter and a second amplifier for provid-
ing a first gain compensation. The second attenuator 1s elec-
trically connected to the output of the second amplifier for
providing a second gain compensation. The first and second
gain compensations keep the gain of the microwave trans-
ceiver at a constant value under different temperature condi-
tions, and the first and second attenuators are used to reduce
the degradation of return loss and noise figure of the micro-
wave transceiver.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described according to the appended
drawings 1n which:

FIG. 1 shows a hint diagram of a gain compensation circuit
in accordance with one embodiment of the present invention;

FIG. 2 shows a circuit of the first attenuator or the second
attenuator according to one embodiment of the present mnven-
tion;

FI1G. 3 shows a diagram of the gain relating to temperature;
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2

FIG. 4(a) exemplifies a microwave transmitter using the
gain compensation circuit in accordance with one embodi-
ment of the present invention; and

FIG. 4(b) exemplifies a microwave recerver using the gain
compensation circuit 1n accordance with one embodiment of
the present invention.

PREFERRED EMBODIMENT OF THE PRESENT
INVENTION

FIG. 1 shows a hint diagram of a gain compensation circuit
1 1n accordance with one embodiment of the present inven-
tion. The gain compensation circuit 1 1s applied to a micro-
wave transcerver and includes a first amplifier 11, a gain
adjuster 14, a filter 12, first attenuator 15, a second amplifier
13 and a second attenuator 16. The gain adjuster 14 1s dis-
posed between the first amplifier 11 and the filter 12 so as to
adjust a nominal gain of a manufactured microwave trans-
ceiver at a normal temperature (about 25° C.) by means of a
variable resistor VR. Accordingly, mass-production micro-
wave transceivers each have the same nominal gain, and the
variation of the gain relating to temperature remains the same
as well. The first attenuator 13 1s disposed between the filter
12 and the second amplifier 13 for providing a first gain
compensation, which has a small compensation range and 1s
used to reduce the degradation of noise figure. The second
attenuator 16 1s used to provide a second gain compensation,
which has a larger compensation range and only slightly
allects the noise figure. The first and second gain compensa-
tions keep the gain of the microwave transceiver at a constant
value under different temperature conditions. The first and
second attenuators 15, 16 are disposed in front of and behind
the second amplifier 13, respectively, so as to reduce the
degradation of return loss and noise figure of the microwave
transceiver. The first and second gain compensations both
exhibit a positive temperature coellicient characteristic,
which means that gain increases with temperature. In this
embodiment, the gain adjuster 14, the first attenuator 15 and
the second attenuator 16 are m-type attenuators. The resistors
R1-R6 are invariable resistors, while the thermistors TR1 and
TR2 1n the first and second attenuators 15, 16, respectively
exhibit a negative temperature coelficient characteristic,
which means that gain decreases with higher temperatures.
The first amplifier 11 and the second amplifier 13 are used to
compensate the gain loss due to the addition of the first and
second attenuators 15, 16 and to amplily the output of the
microwave transceiver. The gain variance of the first amplifier
11, the second amplifier 13 and a radio frequency carrier
amplifier (not shown) which 1s caused by temperature vari-
ance (e.g., generally, the gain of an active amplifier 1s lower at
high temperatures than at low temperatures) will correct the
gain of the microwave transcerver through the compensation
of the first and second attenuators 15, 16 so as to prevent
signal distortion due to temperature variance.

FIG. 2 shows another circuit of the first attenuator or the
second attenuator according to one embodiment of the
present invention. The first attenuator 15' or the second
attenuator 16' includes a thermistor TR3, two grounding
resistors R7, R8 and a parallel resistor R9. The thermistor
TR3 exhibits a negative temperature coelficient characteris-
tic. The two grounding resistors R7, R8 each has an end
connecting to ground and the other end connecting to the
parallel resistor R9. Furthermore, the parallel resistor R9
connects to the thermistor TR3 1n parallel. As the temperature
increases, the resistance of the thermistor TR3, which exhib-
its a negative temperature coelficient characteristic, gradually
decreases so as to further reduce the attenuation of the first
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attenuator 15' or the second attenuator 16'. As the temperature
decreases, the resistance of the thermistor TR3 gradually
increases so as to further increase the attenuation of the first
attenuator 1%' or the second attenuator 16'.

FI1G. 3 shows a diagram of the gain relating to temperature.
Generally, the gain of the microwave signal transmitter or
receiver 1s inversely proportional to temperature (as shown by
line LL1), while the line L2 shows a synthetical characteristic
of the first and second gain compensations. The line L3 rep-
resents a constant gain G which 1s not aifected by changes in
temperature, and 1s created by combining the general micro-
wave signal transmitter in FIG. 1 with the first and second
attenuators 135, 16. Obviously, the slope of L2 or the amount
of the constant gain G could be determined by suitably select-
ing resistors R3, R4 of the first attenuator 15 or resistors RS,
R6 of the second attenuator 16.

FI1G. 4(a) shows a microwave transmitter 3 using the gain
compensation circuit 1 1n accordance with one embodiment
of the present mvention. An mput signal S1 1s a middle fre-
quency atabout 1 GHz, which 1s suitably amplified into signal
S2 through the gain compensation circuit 1, but maintains 1ts
frequency unchanged. The gain compensation circuit 1 is
operated 1 a middle frequency band. The local oscillator 31
1s used to send out a frequency of about 13 GHz to the mixer
32, so as to raise the frequency of the signal S2 to 14 GHz and
thus form a radio frequency output signal S3. When the
microwave transmitter 3 1s used outdoors, even 1f the tem-
perature varies, the entire gain of the microwave transmitter 3
remains unchanged by means of the auto gain compensation
of the gain compensation circuit 1. Referring to FI1G. 4(b), the
present mvention can also apply to microwave recervers 4.
The microwave receiver 4 recerves a high frequency signal
S3'at about 12 GHz. Subsequently, cooperating with a signal
of about 11 GHz provided by a local oscillator 31", a mixer 32
reduces the radio frequency signal S3' mto a middle fre-
quency signal S2' of about 1 GHz. The middle frequency
signal S2' goes through a gain compensation circuit 1' to be
amplified and formed as a middle frequency output signal S1'.
Please note that the microwave transmitter 3 in FIG. 4(a) and
the microwave receiver 4 1n FIG. 4(b) could both provide a
constant gain within a specific temperature range. The spe-
cific temperature range and the constant gain can be obtained
through suitably selecting thermal resistors (TR1 and TR2 in
FIG. 1) or resistors (R1-R6 1n FIG. 1).

In conclusion, the gain compensation circuit which 1s
applied 1n a microwave transceiver uses two passive m-type
attenuators disposed 1n front of and behind the second ampli-
fier, respectively. Compared with the prior art, the present
invention not only increases gain compensation range and
reduces the degradation of return loss, but also 1mproves
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noise figure of the microwave transceiver. In addition, the
gain compensation circuit of the present invention uses an
extra gain adjuster to adjust the nominal gain of the micro-
wave transceiver so as to completely control the gain variance
of the microwave transceiver.

The above-described embodiments of the present inven-
tion are intended to be illustrative only. Numerous alternative
embodiments may be devised by persons skilled 1n the art
without departing from the scope of the following claims.

What 1s claimed 1s:

1. A gain compensation circuit, applied to a microwave
transcerver, the gain compensation circuit comprising:

a gain adjuster disposed between a first amplifier and a
filter for adjusting a nominal gain of the microwave
transceiver;

a {irst attenuator disposed between the filter and a second
amplifier for providing a first gain compensation; and

a second attenuator electrically connected to the output of
the second amplifier for providing a second gain com-
pensation;

wherein the first and second gain compensations keep the
gain of the microwave transceiver at a constant value
under varying temperature conditions, and the first and
second attenuators are used to reduce the degradation of
return loss and noise figure of the microwave transcerver.

2. The gain compensation circuit of claim 1, wherein the
microwave transceiver 1s used outdoors.

3. The gain compensation circuit of claim 1, wherein the
gain adjuster includes a variable resistor which 1s used to
adjust the nominal gain at a normal temperature.

4. The gain compensation circuit of claim 1, wherein the
microwave transcerver 1s a microwave transmitter.

5. The gain compensation circuit of claim 1, wherein the
first and second gain compensations exhibit a positive tem-
perature coellicient characteristic.

6. The gain compensation circuit of claim 1, wherein the
first and second attenuators each comprises:

a thermistor exhibiting a negative temperature coeltlicient

characteristic;

two grounding resistors each having an end connected to
ground and the other end connected to the thermistor;
and

a parallel resistor connected to the other ends of the two
grounding resistors.

7. The gain compensation circuit of claim 1, wherein the

first and second attenuators are m-type attenuators.

8. The gain compensation circuit of claim 1, which 1s
operated 1n a middle-frequency bandwidth.
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